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ABSTRACT

Context. The peculiar hot stat Car in the open cluster IC 2602 is a blue straggler as well agesline binary of short period (2.2d).
Aims. Its high-energy properties are not well known, though Xsregn provide useful constraints on the energetic processesrk

in binaries as well as in peculiar, single objects.

Methods. We present the analysis of a 50 ks exposure taken with the XWéitonobservatory. It provides medium as well as high-
resolution spectroscopy.

Results. Our high-resolution spectroscopy analysis reveals a veftyspectrum with multiple temperature components (1-6 MK)
and an X-ray flux slightly below the ‘canonical’ value (Iag{(0.1 — 10.)/Lgo.] ~ —7). The X-ray lines appear surprisingly narrow
and unshifted, reminiscent of those®€ru andr Sco. Their relative intensities confirm the anomalous ahuoés detected in the
optical domain (C strongly depleted, N strongly enrichedslightly depleted). In addition, the X-ray data favor a ktiglepletion

in neon and iron, but they are less conclusive for the magneabundance (solar-like?). While no significant changesiroduring
the XMM-Newtonobservation, variability in the X-ray domain is detectedtlom long-term range. The formation radius of the X-ray
emission is loosely constrained ¢® R,, which allows for a range of models (wind-shock, corona, nedig confinement,...) though
not all of them can be reconciled with the softness of thetspecand the narrowness of the lines.

Key words. X-rays: stars — stars: individua:.Car— stars: early-type

1. Introduction We decided to further study the star in the high-energy
. . . domain. As it was detected by Einstein and Rogafar is
6 Car (=HD93030) is alumlnolus star of type B0.2V pelongln%nown as the brightest X-ray source of IC2602, but only
to tr:e open cluster IC 2602, situated at 152pc (Robichon et an,-oximate X-ray properties have up to now been derived. Th
1999). The cluster is 30 Myr old, and the massive, 0@ ., rent generation of X-ray facilities (Chandra, XMNewtor)
therefore appears to be a rare example of blue straggler. Jigiqes a detailed insight on the X-ray emission, espicial
optical spectrum display hints of enhanced nitrogen (aethrgnanks to their grating instruments. However, these olserv
fold enrichment with respect to solar) and depleted carbols 1ave observed only a handful of B stars at high spectral
(at least by an order of magnitude) and oxygen (a factor plso|ytion ¢ Sco,3 Cru, e Ori, Spica) and no blue straggler. The
about 14, see_Hubrig etal. 2008). In additiodCar is also a 5naysis ofg Car thus nicely fills a gap, and could help better
binary system, with short period (2.2d. Lloyd etial. 19958 annqerstand the high-energy characteristics of hot stars.
small eccentricity €¢=0.13, Hubrig et al. 2008). The companion
remains undetected in the visible spectrum (its flux conteb The paper is oraanized as follows: the data and reduction
to <0.1% of the total flux) and should therefore be of a mucﬁ'rocessgs gre ;I)resgntelgin Sect. 2 :f\:e.general propéﬂi@al:) I
later spectral typeNl ~ 1 Mo, Hubrig et all 2008). The binarity j, the X-ray domain are examined in Sect. 3.1, the detailed-ch

and anomalous abundances might suggest that the bluelstraggeristics “of the X-ray lines are derived in Sect. 3.2, ared w
character of) Car results from a past episode of mass-transfﬁﬁa"y conclude in Sect. 4.

between these two stars.

Because of its peculiar properties, the spectrum@ér was 2. X-ray Observations

investigated several times, notably to search for the prese L
of a magnetic field[(Borra & Landstreét, 1979; Hubrig et algn 2002 AUQB 13 (I(?jev.. 2490* Pl R.P?Ilavwlm),l the 1C 2602
2008). The results are rather inconclusive, but an intrigui ¢/USter was observed with XMlewtonfor a total exposure

period of about 9 minutes was detected in the most recdife Of S0ks. We retrieved this dataset from the XMiiéwton
spectropolarimetric results. p_ubllc archlves,.ln.order to perform a thorough analysllshef t
high-energy emission @fCar. We processed these archival data
with the Science Analysis System (SAS) software, versién 7.
Send gprint requests toY. Nazé further analysis was performed using the FTOOLS tasks and th

* Based on observations collected with XMNewton an ESA XSPEC software v 11.2.0.

Science Mission with instruments and contributions diyeftinded by
ESA Member States and the USA (NASA). For this observation, the three European Photon Imaging

** Postdoctoral Researcher FNRS Cameras (EPICs) were operated in the standard, full-frame
*** Research Associate FNRS mode and a thick filter was used to reject optical light. After
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application of the pipeline chains (tasksproc, epproc), the
EPIC data were filtered as recommended by the SAS team: for
the EPIC MOS (Metal Oxide Semi-conductor) detectors, we
kept single, double, triple and quadruple events (i.e.epatt
between 0 and 12) that pass through the #XMMEM filter;

for the EPIC pn detector, only single and double events (i.e.
pattern between 0 and 4) with flaQ were considered. To
check for contamination by low-energy protons, we havehtent
examined the light curve at high energies (Pulse Invariant
channel numberl0000, E10keV, and with patters0). A
large background flare due to soft protons (most probably of
solar origin) occured towards the end of the observation and g
we therefore discarded time intervals where the lightcsifoe —
PI1>10000 present an EPIC MOS count rate larger than 0.3

ctss?! and an EPIC pn count rate larger than 1 cts $he pn 04
data ofg Car are severelyftected by the presence of CCD gaps 03
and bad columns and we therefore decided to discard them from oz |
the present analysis. A circular source region of 50" radiug 01 [ E
an annular background region of 50 and 90" radii (both cexter pb ]
on 6 Car) were then used to extract spectra and lightcurves.
Due to the brightness of the source, it was not necessarnto bi

the EPIC MOS spectra, but bad energy bins and noisy binsgg 1. X-ray lightcurves ofd Car in the 0.2-5keV bandop:
E<0.15keV or>10.keV were discarded. MOS1 lightcurves with time bins of 200, 500 and 1000s (from
left to right). Middle: Same for MOS2Bottom:Superposition of

~In this observationg Car appears near the center of thehe MOS1 (open black symbols) and MOS2 (filled red symbols)
field-of-view (FOV) and some information could thereforgightcurves with 1ks-bins.

be recorded with the Reflection Grating Spectrograph (RGS).
However, sinced Car was noexactlyat the center of the FOV,
the standard processing could not be used: the pipeline chai
(taskrasproc) had to be run specifically with the coordinates ofided to analyze the spectral properties derived from thelevh
the object. As for EPIC, a flare in the lightcurve was detectebservation.
and time intervals presenting an RGS count rate larger tt8, 0  Two types of spectra are available: the EPIC low-resolution
cts st were therefore discarded. In addition, a relatively brigitnes and the RGS high-resolution ones (Elg. 2). Both dataset
X-ray source associated with HD 307938 (G0) also appearsshow that the majority of the flux is clearly confined to 0.1-
the RGS FOV: though it does not contaminate the RGS spectrdrkeV, confirming the softness of the source.
of § Car, it could lead to a wrong estimate of the background and
we therefore had to mask this source for the background cal- The thermal nature of the source is further revealed by the
culation. For both non-standard operations, we followedely presence of lines, without any significant continuum, inRIG&S
the recommendations from the SAS team (see the SAS threagsctra. These lines are triplets from He-like ions (iNeéN vi,
on the XMM website). The RGS spectra were binned to reaehd Ovu), Lyman lines from H-like ions (N&, N vii, and Ovir)
at least 5 cts per bin and only data between 0.35 and 1.8 kewd features associated with ionized iron. Their emissiit
were considered; the data from the second order contaireteo foeak at temperatures of 1.4-5.8MK (0.12—0.50keV). A sigki
counts to be useful, and we therefore also discarded them froharacteristics of the spectrum ofCar is readily derived
the analysis. from a visual comparison of the line strengths with those of
‘normal’ OB stars (see e.q.Ori in Fig. 1 of|Pollockl 2007):
the nitrogen lines appear much stronger while the oxygen and
3. High-energy properties of § Car neon lines are weaker. In this context, it should be notet tha
the carbon line at 33.7A and the magnesium line at 9.2 A
are below our detection level. Finally, the X-ray lines agpe
9Car appears as the brightest X-ray source in the field flatively narrow: FWHM-1000kms* for O vinLye 118.97A
IC 2602. The SAS detection algorithm (tasktect_cua) indi-  and NviLya A24.78A,~700km s*for NvuLys120.91A, i.e.
cates that the count rates in the 0.4—-10keV energy band @amahe observed line width is mainly instrumental and does not
to 0.255:0.003 ctss! for MOS1 and to 0.2580.003 ctss' reflect the intrinsic line width (see also results of the fiolw).
for MOS2 (note that this is still well below the limit for pile
up). In addition, the hardness ratios are very small, révgal = The EPIC MOS spectra present two broad maxima, at about
the softness of the source: HRM-S)/(M+S) is—0.720:0.008 0.45keV and 0.8 keV. While one might then expect the pres-
for MOS1 and-0.724:0.008 for MOS2, HR2(H-M)/(H+M) ence of two dominant temperatures, these two peaks actually
is —0.920:0.015 for MOS1 and-0.956+0.011 for MOS2 where correspond to the two main groups of lines as revealed by RGS
S, M, and H are the count rates in the soft (0.4-1keV), mediutiata (strong N lines at long wavelengths for the lower-eperg
(1-2keV) and hard (2-10keV) energy bands. Finally, the MO&ak and numerous ONeFe lines for the other one). A fit to
lightcurves in the 0.2-5keV band were analyzed®yndpov these data with a fferential emission measure model (DEM,
tests|(Sana et al._, 2004) but no significant variation wasated c6pvmkl| [Lemen etal.| 1989; Singh et al. 1996) yields only
during the 50 ks observation (Fig. 1, note that this covemiab one single, broad thermal component with a peak at 0.2keV,
one quarter of the orbit of the spectroscopic binary). Ws thetr and an interval of the temperature distribution at half maxin
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Fig. 2. Left: EPIC MOS spectra of Car with the best-fit RGSEPIC model superimposed (see Tdhle 1 - MOS1 appearing ii,blac
MOS?2 in red).Right: Fluxed RGS spectrum a@fCar (from taskrasrLuxer, RGSH2, orders %2) with the main lines identified.
Note that the scales of the y-axiglér by a factor of 2 between the upper and lower panels.

Table 1. Best-fit models and X-ray fluxes at Earth #Car. For each parameter, the lower and upper limits of the @@%idence
interval (derived from therror command undexspec) are noted as indices and exponents, respectively. Theatisation factors
are defined as I@“f nenudV/4rD?, whereD, ne andny are respectively the distance to the source, the electrdprton density
of the emitting plasma; the abundance parameters are dtibe abundance by number (with respect to hydrogen) behtree
observed spectrum and the solar value. The models are ofeavebsx vapecor wabsx (vapec+ vapeg, with N" fixed to
1.81¢° cm? (Diplas & Savage, 1994). The observed fluxes are given in fel® keV band and in units 1t ergcnt?s2.

Instr. KT, norm kT, norm C N [¢) Ne Mg Fe X2 (dof) f2bs
kevV ~ 10%cm™ kev ~ 10%cm™

MOS1+2 0.181° 910% 0.3@3¢ 7.3@® 22237 5044 0365 11932 12352 09622 0.40(1300) 1.48

RGS k2 02425 28428 0004 232% o1@2 0380 24707 06L7 1.85(594) 1.20

RGSL2 0162 68432 0394 160%2 09 3852 0195 04@5 0834 03290 174(592) 1.35

RGS+tMOS  0.1§7 12438 03232 23853 0082 2323 012 04@% 0.510% 0.383 0.93(1902) 1.44

Table 2. Abundance constraints from optical spectra (adapted Unfortunately, themekal model can not reproduce well
from|Hubrig et all 2008). The helium abundance is given as thiee exact rest wavelengths of the X-ray lines, as is obvious
ratio in numbers with respect to hydrogen whereas the o#trers from a comparison with the high-resolution data, and we must
given in logarithmic value (hydrogen abundance convenlign therefore rely on the more recent and more preajecmodel.
being at 12.0 in this casejspec solar abundances are those oSince no DEM model of thapectype is available ixspec, we

Anders & Grevesse (1989).

Element El. Abond. El. Abond. ratio
in vis. in xsPEC
He 0.083:0.028 0.0977 ~1
C 7.16:0.46 8.56 0.04
N 8.56+0.27 8.05 3.24
(0] 8.38:0.22 8.93 0.28
Si 7.43:0.23 7.55 ~1
S 7.32:0.33 7.21 ~1

tried to fit the spectra with single temperature compondtus.
EPIC MOS data, an absorbed 1T fit does not yjgld< 2 but
absorbed 2T models give good results (absorbed 3T models do
not yield any significant improvement of the fits). Since $irué
NONeFe are clearly detected while conspicuous lines of C and
Mg are absent, we let the abundances of these 6 elements free t
vary. We fixed the other abundances to the solar value since no
strong constraining information (preseyaigsence of lines) can

be derived from the data. In addition, the absorbing coluras w
fixed to the interstellar value derived in the UV (1.840m2
Diplas & Savade 1994) since the fré&! fits do not suggest any
significant additional, circumstellar absorption. For RG&a,

between 0.15 and 0.5keV, in nice agreement with the pegth 1T and 2T yield acceptable residuals. In addition tyivay
emissivity temperatures (see above).

the usualapec parameters, two trials were attempted. First,
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varying the redshift parameter in order to reproduce a dlodauring the XMM-Newton observation,§ Car was thus 30%
velocity shift: the best fit was found for positive velocgtief times brighter than during the IPC exposure (a #ariation)
+60-100kms?, values which are insignificant given the RGSind ~20% times fainter than during the PSPC exposures (a
resolution (see also below). Second, reproducing a signific 3o~ variation). Though Car does not present any short-term
intrinsic width of the lines by convolving thepecmodel by a variability during the 50 ks exposure, some longer-terrmgles
gaussiangdsmoothmodel): no significant intrinsic width could are apparently present and future observations are needed
be found, reinforcing our conclusion of line widths beinginia  to ascertain their nature: are they truly long-term vaoiagi
instrumental in nature faf Car. unrelated to the orbital period, or do they occur during the
unobserved part of the orhit?
The parameters of the best-fit models are listed in Table 1.
To interpret these results, some facts must be kept in mif)d: (
the RGS data are the most sensitive to abundance variati%r? Analvsis of the X-rav |i
since the lines are resolved for these spectra whereasnhe < nalysis of the X-ray lines
blends observed in EPIC may yield unrealistic values in songnce there are a few strong, isolated lines recorded on®® R
cases (see e.g. the case of caﬁ)),oﬁz) the EPIC data are thespectra, we decided to fit these individually using gaussian
best to constrain the absorbing column and high-temperatgihcluding a constant for the pseudo-continuum) witkimec
components. Overall, the results of the fits are twofold. Q4hd mmas. The results of these fits can be found in Table 3.
the one hand, the fitted temperatures are low (80l8keV or First, we focused on single lines of the Lyman series. Shifts
0.24keV). No hard tail is present, nor any high temperaturgetected by individual fits are small - in fact below the détec
this rules out any significant contamination by a putatiwsel |imit considering the RGS characteristics. They broadlyeag
PMS star (like in the case ¢fCruD, Cohen etal. 2008) or with the free-redshift fits (see above), smalffeiences being
from the low-mass companion (for a review of the X-ragxpected since the Aped and Spex databases are not identical
emission of solar-like stars, see Guidel, 2007). On theroth@ addition, no significant asymetry, or intrinsic broadeni
hand, abundances are clearly non-solar: N enhanced bysat I¢g;,, <350kms?') were detected. Three other strong X-ray
a factor of 2, C at only a few percent of the solar values, ONekges actually arefir triplets of He-like ions, i.e. they are
also depleted (though to a lesser extent than carbon) - #eeofa composed of a forbidden line, two close intercombinatioesi
magnesium unfortunately appears unclear due to ratheticerrand a resonance line. It should be noted that thermal plasma
results. This abundance pattern measured on the RGS datadglels likeapecwere only able to reproduce tiie&component
close to the results derived from the visible spectrum (s##€T of these triplets. A first fit revealed no significant shiftith
2). variations between the lines, as expected theoreticéitylihes
being formed under the same physical conditions). Theeefor
The unabsorbed flux (i.e. the flux corrected for the intethe intrinsic widths and velocities of the three components
stellar absorption) measured on the RGBS model amounts were constrained to be equal (as for single lines, they were
to 3.8<107'2 ergcn?s! in the 0.1-10keV energy band orsubsequently found to be undetectable). Narrow, unshifted
1.6x102ergcn?st in the 0.5-10keV energy band, resultingare not common amongst hot stars and are often considered
in luminosities of 1.x10* ergs™ and 4.410%° ergs?, respec- as unreconciliable with a wind-shock origin for the X-ray
tively, for a distance of 152pc (Robichon et al., 1999). Hw t emission. Such lines are generally expected for magnetic
0.5-10keV energy range, this converts into a laglsoL) of objects ¢* OriC, v Sco,[Gagné et dl. 2005; Mewe etlal. 2003),
—7.3%, or—6.97 taking into account the 0.1-0.5keV flux. Thesg notable execption being another early B-type &ru that
ratios are slightly lower than the ‘canonical’ value measiiior has narrow lines but no magnetic field (Cohen ét al., 2008).
O and early B stars-6.9 for the 0.5-10.keV band, Sanaet al. ,
2006): 6 Car is thus not a bright X-ray emitter for its class, The relative strengths of tHe lines depend on the plasma
unlike what has been sometimes claimed. temperature, the plasma density, and the stellar radifititoh
More precisely, théline is weakened and thidine strenghtened
6 Car was observed by both Einstein and ROSAT. It appeaghen the density or the radiation field are high; for hot stars
in the 2E catalogl (Harris etlal., 1994) with an IPC count ratsich asd Car, the latter has a much stronger impact than the
of 0.089:0.006 cts s* and in the RASS bright source catalogormer. On the other hand, tieri)/r ratio is sensitive to plasma
(Voges et al.| 1999) with a PSPC count rate of @@®4 cts temperature (for more details see €.g. Porquetletal.,| 2001)
s 1. For ROSAT]| Cassinelli et al. (1994) further reported a ¢ouhesefir lines can not be reproduced by ‘simplarec models,
rate of 0.3740.016 cts s', a value compatible with the RASSas already mentioned, but the gaussian fits allow us to derive
detectioi. By folding the best fit RGSEPIC model through the fi and (f+i)r ratios. Monte-Carlo simulations, assuming a
the response matrices of these past facilities, we can &&tinmormal distribution for the line fluxes (90% confidence intdr
the “equivalent” IPC or PSPC count rate of this XMNewton is +1.645r), were used to estimate the errors on these ratios.
observation: 0.119 ctssfor IPC and 0.326 cts™s for PSPC.

In contrast with the colliding-wind systems whefe> i
(Pollock et al.,| 2005), the forbidden lines @fCar remain

35A which is not observed in the RGS data undetected in all three triplets (Figl 3). Therefore, only a
2 A bolometric luminosity of 9.%10° ergs! was derived from upper limit can be derived on thid ratios: the one-sided

B=2.54,V=2.78, E(B-V)~0., a distance of 152pc, and a bolometric cor—gO% confidence interval is .0_0'06 forw 0-0.17 for Ovn .
rection of—3.16. It is compatible with the values found in the literatur 0-0-15 for Nex. These ratios can then be compared with

(log[L/L,]=4.30-4.54, Gathier et Al. 1961; Vartlya 1985; Prinja 1989fhe values from_Porquet etlal. (2001) fdg=2.0MK (close

3 [Randich et dI[(1995) quote 0.200.002 cts s for raster scans but 10 the main component atTk ~0.2keV) Traq=30kK (since
the authors mentioned the discrepancy and suggest themsegngeld Teft=31+1KkK, [Hubrig et al.. 2008) and dilution factoi®/ of
more uncertain values 0.01, 0.10 and 0.50: the oxygen and nitrogen ratios do not

1 Indeed, a large overabundance in carbon, as derived froERI@
MOS fits alone, would result in the presence of a strong caliberat
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Table 3. Best-fit gaussians for selected X-ray lines. Rest enerdigedines are taken from the Spex database v2.0 (Kaastd2, 20
private communication). Ly lines contain two components too close to be disentandhedyelocities given below are calculated
with respect to the A component. Emission measures arelatddwising emissivities at the mean plasma temperakiieeQ.2 keV,

or logT=6.4) or the maximum emissivities - both being taken from thex&database.

lon Eo v o f2ps EM (kT=0.2keV) EM (max emissivity)
keV kms!  10*keV 10°photcm?s? 10°3cms 10°3¢cm3

H-like lines

Ovmlye 0.653550 -11273, 0.251 8.4157’:28 1.09:2 0.895%

Nvilys 0592940 -24%3, 0.5% 27319 25.37% 24.2%3

Nvilye 0.500360 -2183%%  0.° 24.5853 21.223 18.697

He-like lines

Nenx f 0.90499 37412  (gs 0024 4714 2.25%

Nenx i 0.91481 192840

Neix r 0.92195 292400

Ovn f 056101 4%, 0.8 0.6745 1.2 1.08%7

Ovni 0.56874 838100

Ovnur 0.57395 67%23

N f 041986 -34% 0982 e 63.33¢ 18,0229

Nvii 0.42621 171193

Nwvir 0.43065 144163

123

provide strong constraints (evéM values lower than 0.01 are
permitted), but the neon triplet favors dilution factdf¢ of

~0.5, i.e. an emission occuring close to the star. SihCar

andr Sco display similar stellar parameters (sahagr, gravity,

spectral type), we can infer more precise limits by usingfihe Ne IX
evolution calculated by Mewe etial. (2003) and shown in Fig. 0008 ) 0002
2 of that paper: the formation radii ar20 R, from the Nvi I ] I
and Ov triplets, but<5R, for the Neix triplet. Such values |
agree well with those found in other hot stars, but they are oo -
too loosely constrained to enable us to distinguish between.
a wind-shock, coronal or magnetic origin for the X-ray enagss

0.003 — 3 f —

-1 0.0015

0.002

0.0004 0.001

em™@ A

Turning to the (f+i)f ratio, the values are 1.3& for

N1, 1.34-%° for Ovu and 0.6423 for Neix, where indices and 7, I
exponents give the lower and upper limits of the 90% confidenc 7 , .
interval. These values are close to one, suggesting thmplts ©
be collision-dominated (Porguet el al., 2001). Comparisih
the theoretical values from Porquet et al. (2001) yieldsmia
temperatureg1 MK for N vi and Ovin and ~6 MK for Neix.
This indicates that a range of temperatures could existen th g L
X-ray emitting plasma, as was already suggested by therrathe A (A)
broad peak of the DEM models.

L 0.001
71 0.0005

Another independent temperature estimate relies on the o )
ratio of He-like to H-like line fluxes. The lines fluxes were™19-3. Zoom on thefir triplets recorded in the fluxed RGS spec-
first dereddenned before estimating this ratio. For nitnpge trum of § Car. Tickmarks indicate the rest wavelengths of the
amounts to 1.440.14 if one considers the Lymanline or lines. The line at 13.82A belongs to fer; there is no trace of
12.6+3.6 for Lymarp. Interpolating linearly the Spex databasethe Fexix line at 13.78A that could contaminate the f component
such ratios correspond to log( of 6.23+0.02 and 6.2%0.03, of the Nexx triplet.
respectively. For oxygen, the He-to-H line ratio amounts to
1.99+0.36, which yields log[)=6.37+0.02. These temperatures
agree well with the results from DEM arabec models (see
above); they are larger than those derived from the congrarisl52pc. The emissivitie®(Te) were found in the Spex database,
of (f+i)f ratios and Porquet et al.’s models but discrepanciaad were summed if several components (likefthénes) ex-
between these two temperature estimates are often found. ist. Table[3 present the emission measures (EMs) calcuddted
the mean plasma temperaturd(2 keV) and at the temperature
Finally, the observed line fluxes in units phths™ were of maximum emissivity. It should be noted thav®and Ovm
dereddenned and converted to ergési!, in order to derive lines yield similar EMs, but the value for W is three times that
the emission measures (EMrd?fU"3$/Q(T,)) at a distance of of N vn if one considers the mean plasma temperature. However,
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the discrepancy disappears if one considers peak emysgwi- ment. However, this process is still uncertain éd@ar, as mag-

peratures. This might be interpreted once again as a needo chetic field searches were inconclusive up to now (Hubrig.et al

the too simplistic assumption of having only one plasma ter2008). As forg Cru, additional observations, especially polari-

perature: most probably, the X-ray emitting plasma display metric ones, are requested beféi@ar can be fully understood

range in temperatures, individual lines being emitted atithst and the origin of its X-ray emission pinpointed.

conditions for each one. We will thus only consider the EM val

ues calculated with the maximum emissivities. For solamabufcknowledgementswWe acknowledge support from the Fonds National de la
. : Recherche Scientifique (Belgium) and the PRODEX XMM anddrakcon-

dances, all EMs Shqmd have Slmllgr values; the dispersititeo tracts. We thank S. ﬂubri(g forggivir)19 us the opportunity tadder pa%er before

observed EMs confirms once again the non-solar abundance&eg,tance, and T. Morel for useful discussions.
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Though no significant variability is detected during the S0 kLioyd, C., Stickland, D., & Walborn, N. R. 1995, PASP, 107300
XMM -Newtonobservation, an increase (resp. decrease) of tMewe, R., Raassen, A. J. J., Cassinelli, J. P., van der HKcht, Miller, N. A.,

flux is clearly observed when comparing with previous Eiimste_ Gtdel, M. 2003, A&A, 398, 203
. Pollock, A. M. T., C . M.F., Stevens, I. R., & William& M. 2005, ApJ,
(resp. ROSAT) observations. 0ro¢ oreoran evens rha P

629, 482

Pollock, A. M. T. 2007, A&A, 463, 1111
The high-resolution spectrum 6fCar, revealed by the RGS, Porquet, D., Mewe, R., Dubau, J., Raassen, A. J. J., & Kadstf 2001, A&A,

does not show any significant continuum emission but is wole| 376, 1113
composed of lines of H- and He-like ions of N, O, and Ne AEJS'CE'S g’fhgﬁquJRﬁs'NzI“,\lﬂ' 7FZ>:rLosser C.E. & SuJ. R, 1995, AGA
well as some iron lines. To the resolution limits of the RGS, 300 134’ o N o o
these lines appear narrow and unshifted: the observed widibichon, N., Arenou, F., Mermilliod, J.-C., & Turon, C. BHA&A, 345, 471
of these lines is mainl;g instrumental and the intrinsic WidtSagngébgtevens, I.R., Gosset, E., Rauw, G., & Vreux, J2004, MNRAS,
is limited to < 350kms-. It must be noted that the nitrogen ' .
lines are anomalously strong: the spectral fits reveal aelar ?%?]HKEamfe “aéegD?;S;eéi f‘ggg?%pjfzﬂééo%% MIsRa72, 661
enrichment in nitrogen (abundance 3 times solar), togeth@fdya, M. S. 1985, ApJ, 299, 255
with a strong deficit in carbon, which both agree well witivoges, W., etal. 1999, A&A, 349, 389
the values found in the optical spectrum_(Hubrig etlal., J00&hekov, S. A., & Palla, F. 2007, MNRAS, 382, 1124
Neon, oxygen and iron also appear slightly depleted in the
X-ray spectrum. For thér triplets, the forbidden component is
fully suppressed while the intercombination lines arelglig
stronger than the resonance component.fitiatios suggests a

formation radius rather close to the star, below 5 stelldii.ra

With its soft X-ray spectrum and its narrow X-ray linégar
clearly appears élierent from O-type stars. Comparigar to
other B-type objects with high-resolution spectra, we finatt
the temperature distribution is quite typical of ‘normalsBars:
the DEM is similar to that o€ Ori and only slightly broader than
for BCru and Spical (Zhekov & Palla, 2007). Similar tempera-
tures, fluxes and overall line properties were also foundde-a
tailed analysis of Cru (Cohen et all, 2008), though in the latter
case, more precise constraints could be found on the fasmati
radius. On the other han@Car seems very fferent fromr Sco
as far as softness, abundances, and flux level are concéuted,
both objects present unshifted, narrow X-ray lines (Mewalet
2003; Cohen et al., 2003). Such lines are at odds with the-wind
shock model, though it is still unclear how this model coyd a
ply in the case of low mass-loss rates, as those of B-typs.star
Actually, narrow lines are often attributed to magnetic fower


http://arXiv.org/abs/0807.2067

	Introduction
	X-ray Observations
	High-energy properties of Car
	General characteristics
	Analysis of the X-ray lines

	Conclusions

